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What doesit mean if adisorder seemsto runinmy family?

A particular disorder might be described as “running in afamily” if more than one
person in the family has the condition. Some disorders that affect multiple family
members are caused by gene mutations, which can be inherited (passed down from
parent to child). Other conditions that appear to run in families are not inherited.
Instead, environmental factors such as dietary habits or acombination of genetic and
environmental factors are responsible for these disorders.

It is not always easy to determine whether a condition in afamily isinherited. A
genetics professional can use aperson'sfamily history (arecord of health information
about aperson'simmediate and extended family) to help determine whether adisorder
has a genetic component.
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Some disorders are seen in more than one generation of afamily.

For general information about disordersthat run in families:

Genetics Home Reference provides consumer-friendly summaries of genetic conditions
(http://ghr.nim.nih.gov/ghr/conditionsByName). Each summary includes a brief
description of the condition, an explanation of its genetic cause, and information
about the condition's frequency and pattern of inheritance.
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The National Human Genome Research Institute fact sheet Frequently Asked
Questions About Genetics (http://www.genome.gov/10001191) offers a general
description of genetic disorders. Please refer to the first two questions, “What are
genetic disorders?’ and “How do | find more information about a specific disorder
or learn whether a particular disease has a genetic component?’

The Department of Energy offers afact sheet called Genetic Disease

Information—Pronto! (http://www.ornl.gov/TechResources’/Human Genome/
medicine/assist.html)
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What are the different ways in which a genetic condition
can be inherited?

Some genetic conditions are caused by mutations in asingle gene. These conditions
are usually inherited in one of severa straightforward patterns, depending on the
geneinvolved:

Inheritance Description Examples

pattern

Autosomal Only one mutated copy of the geneisneeded for Huntington disease,
dominant aperson to be affected by an autosomal dominant neurofibromatosis 1

disorder. Each affected person usually has one
affected parent (illustration on page 8).

Autosomal Two copies of the gene must be mutated fora  cystic fibrosis, sickle
recessive person to be affected by an autosomal recessive cell anemia

disorder. An affected person usually has unaffected

parents who each carry a single copy of the

mutated gene (and are referred to as carriers)

(illustration on page 9).

X-linked X-linked dominant disorders are caused by X-linked
dominant mutations in genes on the X chromosome. Only a hypophosphatemia
few disorders have this inheritance pattern.
Females are more frequently affected than males,
and the chance of passing on an X-linked dominant
disorder differs between men
(illustration on page 10) and women
(illustration on page 11).

X-linked X-linked recessive disorders are also caused by  hemophilia A,
recessive mutations in genes on the X chromosome. Males Duchenne muscular

are more frequently affected than females, and the dystrophy
chance of passing on the disorder differs between

men (illustration on page 12) and women

(illustration on page 13).
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Inheritance Description Examples
pattern

Mitochondrial Thistype of inheritance, aso known as maternal Leber's hereditary
inheritance, applies to genes in mitochondrial optic neuropathy
DNA. (Mitochondria, which are structuresineach (LHON)
cell that convert molecules into energy, each
contain a small amount of DNA.) Because only
egg cells contribute mitochondriato the developing
embryo, only females can pass on mitochondrial
conditions to their children
(illustration on page 14).

Many other disorders are caused by a combination of the effects of multiple genes
or by interactions between genes and the environment. Such disorders are more
difficult to analyze because their genetic causes are often unclear, and they do not
follow the patterns of inheritance described above. Examples of conditions caused
by multiple genes or gene/environment interactions include heart disease, diabetes,
schizophrenia, and certain types of cancer. For more information, please see "What
are complex or multifactorial disorders?" in the "Mutations and Genetic Disorders’
chapter.

Disorders caused by changes in the number or structure of chromosomes do not
follow the straightforward patterns of inheritance listed above. To read about how
chromosomal conditions occur, please see "Are chromosomal disordersinherited?’
on page 19.

Other genetic factors can a so influence how adisorder isinherited: "What are genomic
imprinting and uniparental disomy?' on page 17
For moreinformation about inheritance patterns:

The Genetics and Public Policy Center provides an introduction to hereditary
mutations (http://www.dnapolicy.org/genetics/geneticsAndDi sease.j html#hered),
including their patterns of inheritance.

page 7


http://www.dnapolicy.org/genetics/geneticsAndDisease.jhtml#hered
http://www.dnapolicy.org/genetics/geneticsAndDisease.jhtml#hered
http://ghr.nlm.nih.gov/

Genetics Home Reference - http://ghr.nim.nih.gov/
Handbook
Inheriting Genetic Conditions

[llustrations: I nheritance patterns
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In thisexample, aman with an autosomal dominant disorder hastwo affected children
and two unaffected children.
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Autosomal recessive
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In this example, two unaffected parents each carry one copy of a gene mutation for
an autosomal recessive disorder. They have one affected child and three unaffected
children, two of which carry one copy of the gene mutation.
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X-linked dominant, affected father
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In this example, a man with an X-linked dominant condition has two affected
daughters and two unaffected sons.
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X-linked dominant, affected mother

Unaffected ."J-“'.I Affected

father .-f'h" = mother
| I|I
[ Q)
1] ! | u] |
L

XY
B Unaffected
[] Affected

XN XX
1 ; I
L| [ 1 "Ill I
1 0n |” | Cn 1]
A A
Unaffected Affected Affected Linaffected
0N daughter 50N daughter

.5, Mational Librany of Medicine

In this example, awoman with an X-linked dominant condition has an affected
daughter, an affected son, an unaffected daughter, and an unaffected son.
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X-linked recessive, affected father
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In this example, a man with an X-linked recessive condition has two unaffected
daughters who each carry one copy of the gene mutation, and two unaffected sons
who do not have the mutation.
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A-linked recessive, carrier mother
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In this example, an unaffected woman carries one copy of a gene mutation for an
X-linked recessive disorder. She has an affected son, an unaffected daughter who

carries one copy of the mutation, and two unaffected children who do not have the
mutation.

page 13


http://ghr.nlm.nih.gov/

Genetics Home Reference - http://ghr.nim.nih.gov/
Handbook
Inheriting Genetic Conditions

Mitochondrial
Unaffected Affected Affected Unaffacted
father maoathar father mother

.":|_I -.'II" I
! by
L I| II.I'
()
I
L—

P

|'| '|,| \i I

|
il « I
'.Il’ Il'.
AR

5 X
Affected childran Unaffected children

\_'_:-

| —

(=]

. Unaffacted
|:| Affected

.5, Mational Librany of Medicine

In one family, awoman with a mitochondrial disorder and her unaffected husband
have only affected children. In another family, aman with amitochondrial condition
and his unaffected wife have no affected children.
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If agenetic disorder runsin my family, what are the
chances that my children will have the condition?

When a genetic disorder is diagnosed in afamily, family members often want to
know the likelihood that they or their children will develop the condition. This can
be difficult to predict in some cases because many factorsinfluence a person's chances.
One important factor is how the condition isinherited. For example:

A person affected by an autosomal dominant disorder has a 50-percent
chance of passing the mutated geneto each child. Thereisal so a50-percent
chance that a child will not inherit the mutated gene

(illustration on page 8).

For an autosomal recessive disorder, two unaffected peoplewho each carry
one copy of the mutated gene (carriers) have a 25-percent chance with each
pregnancy of having achild affected by the disorder. Thereisa 75-percent
chance with each pregnancy that a child will be unaffected

(illustration on page 9).

The chance of passing on an X-linked dominant condition differs between
men and women because men have one X and one 'Y chromosome, while
women have two X chromosomes. A man passeson hisY chromosometo
all of hissonsand his X chromosome to all of his daughters. Therefore,
the sons of aman with an X-linked dominant disorder will not be affected,
and his daughters will al inherit the condition (illustration on page 10).
A woman passes on one or the other of her X chromosomes to each child.
Therefore, awoman with an X-linked dominant disorder has a 50-percent
chance of having an affected daughter or son with each pregnancy
(illustration on page 11).

Because of the difference in sex chromosomes, the probability of passing
on an X-linked recessive disorder also differs between men and women.
The sons of aman with an X-linked recessive disorder will not be affected,
and his daughters will carry one copy of the mutated gene

(illustration on page 12). With each pregnancy, a woman who carries an
X-linked recessive disorder has a 50-percent chance of having sons who
are affected and a 50-percent chance of having daughters who carry one
copy of the mutated gene (illustration on page 13).

It isimportant to note that the chance of passing on agenetic condition appliesequally
to each pregnancy. For example, if a couple has a child with an autosomal recessive
disorder, the chance of having another child with the disorder is still 25 percent (or
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1in 4). Having one child with a disorder does not “protect” future children from
inheriting the condition. Conversely, having a child without the condition does not
mean that future children will definitely be affected.

Although the chances of inheriting a genetic condition appear straightforward, in
some cases factors such as a person's family history and the results of genetic testing
can modify those chances. In addition, some people with a disease-causing mutation
never develop any health problems or may experience only mild symptoms of the
disorder. If adiseasethat runsin afamily does not have aclear-cut inheritance pattern,
predicting the likelihood that a person will develop the condition can be particularly
difficult.

Because estimating the chance of developing or passing on agenetic disorder can be
complex, genetics professionals can help peopl e understand these chances and make
informed decisions about their health.

For moreinformation about passing on a genetic disorder in a family:

The National Library of Medicine MedlinePlusweb site offersinformation about the
chance of developing a genetic disorder on the basis of itsinheritance pattern. Scroll
down to the section “ Statistical Chances of Inheriting aTrait” for each of thefollowing
inheritance patterns:

Autosomal dominant (http://www.nlm.nih.gov/medlineplus/ency/article/
002049.htm)

Autosomal recessive (http://www.nlm.nih.gov/medlineplus/ency/article/
002052.htm)

X-linked dominant (http://www.nlm.nih.gov/medlineplus/ency/article/
002050.htm)

X-linked recessive (http://www.nlm.nih.gov/medlineplus/ency/article/
002051.htm)

page 16


http://www.nlm.nih.gov/medlineplus/ency/article/002049.htm
http://www.nlm.nih.gov/medlineplus/ency/article/002052.htm
http://www.nlm.nih.gov/medlineplus/ency/article/002050.htm
http://www.nlm.nih.gov/medlineplus/ency/article/002051.htm
http://ghr.nlm.nih.gov/

Genetics Home Reference - http://ghr.nim.nih.gov/
Handbook
Inheriting Genetic Conditions

What are genomic imprinting and uniparental disomy?

Genomic imprinting and uniparental disomy are factors that influence how some
genetic conditions are inherited.

Genomic imprinting
People inherit two copies of their genes—one from their mother and one from their
father. Usually both copies of each gene are active, or “turned on,” in cells. In some
cases, however, only one of the two copies is normally turned on. Which copy is
active depends on the parent of origin: some genes are normally active only when

they are inherited from a person’ s father; others are active only when inherited from
aperson’s mother. This phenomenon is known as genomic imprinting.

In genes that undergo genomic imprinting, the parent of origin is often marked, or
“stamped,” on the gene during the formation of egg and sperm cells. This stamping
process, called methylation, is a chemical reaction that attaches small molecules
called methyl groups to certain segments of DNA. These molecules identify which
copy of agene was inherited from the mother and which was inherited from the
father. The addition and removal of methyl groups can be used to control the activity
of genes.

Only asmall percentage of all human genes undergo genomic imprinting. Researchers
are not yet certain why some genes are imprinted and others are not. They do know
that imprinted genes tend to cluster together in the same regions of chromosomes.
Two major clusters of imprinted genes have been identified in humans, one on the
short (p) arm of chromosome 11 (at position 11p15) and another on thelong () arm
of chromosome 15 (in the region 15qg11 to 15g13).

Uniparental disomy

Uniparental disomy (UPD) occurs when a person receives two copies of a
chromosome, or part of achromosome, from one parent and no copiesfrom the other
parent. UPD can occur as arandom event during the formation of egg or sperm cells
or may happen in early fetal development.

In many cases, UPD likely has no effect on health or development. Because most
genes are not imprinted, it doesn’'t matter if a person inherits both copies from one
parent instead of one copy from each parent. In some cases, however, it does make
adifference whether a gene isinherited from a person’s mother or father. A person
with UPD may lack any active copies of essential genes that undergo genomic
imprinting. Thisloss of gene function can lead to delayed devel opment, mental
retardation, or other medical problems.
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Several genetic disorders can result from UPD or adisruption of normal genomic
imprinting. The most well-known conditions include Prader-Willi syndrome, which
Is characterized by uncontrolled eating and obesity, and Angelman syndrome, which
causes mental retardation and impaired speech. Both of these disorders can be caused
by UPD or other errorsin imprinting involving genes on thelong arm of chromosome
15. Other conditions, such as Beckwith-Wiedemann syndrome (a disorder
characterized by accelerated growth and an increased risk of cancerous tumors), are
associated with abnormalities of imprinted genes on the short arm of chromosome
11.

For moreinformation about genomic imprinting and UPD:

The University of British Columbia sweb site about chromosomal mosaicism provides
an explanation of UPD and genomic imprinting (http://www.medgen.ubc.ca/
wrobinson/mosai ¢/upd.htm), including diagrams illustrating how UPD can occur.

A fact sheet (http://gucchd.georgetown.edu/hugem/fs16.htm)from Georgetown
University’s Human Genome Education Model Project 11 offers abrief discussion
of UPD, genomic imprinting, and other forms of nontraditional inheritance.

Genetics Home Reference provides clear, user-friendly information about Prader-Willi
syndrome (http://ghr.nlm.nih.gov/condition=praderwillisyndrome) and Angelman
syndrome (http://ghr.nlm.nih.gov/condition=angel mansyndrome).
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Are chromosomal disorders inherited?

Although it is possible to inherit some types of chromosomal abnormalities, most
chromosomal disorders are not passed from one generation to the next.

Some chromosomal conditions are caused by changesin the number of chromosomes.
These changes are not inherited, but occur as random events during the formation of
reproductive cells (eggs and sperm). An error in cell division called nondisjunction
resultsin reproductive cellswith an abnormal number of chromosomes. For example,
areproductive cell may accidentally gain or lose one copy of achromosome. If one
of these atypical reproductive cells contributes to the genetic makeup of a child, the
child will have an extra or missing chromosome in each of the body’s cells.

Changes in chromosome structure can also cause chromosomal disorders. Some
changes in chromosome structure can be inherited, while others occur as random
accidents during the formation of reproductive cellsor in early fetal development.
Because the inheritance of these changes can be complex, people concerned about
thistype of chromosomal abnormality may want to talk with a genetics professional.

Some cancer cellsalso have changesin the number or structure of their chromosomes.
Because these changes occur in somatic cells (cells other than eggs and sperm), they
cannot be passed from one generation to the next.

For moreinformation about how chromosomal changes occur:

Aspart of itsfact sheet on chromosome abnormalities, the National Human Genome
Research Institute provides a discussion of how chromosome abnormalities happen
(http://www.genome.gov/11508982#6).

The University of British Columbia sweb site about chromosomal maosaicism explains
chromosomal changes, including a detailed description of how trisomy (the presence
of an extra chromosome in each cell) happens.

Changesto the Chromosomes (http://www.medgen.ubc.ca/wrobinson/mosai ¢/
changes.htm)

How Does Trisomy Arise? (http://www.medgen.ubc.ca/wrobinson/mosaic/
tri_how.htm)

The Chromosome Deletion Outreach fact sheet Introduction to Chromosome
Abnormalities (http://www.chromodisorder.org/intro.htm) explains how structural
changes occur.
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Why are some genetic conditions more common in
particular ethnic groups?

Some genetic disorders are morelikely to occur among peoplewho trace their ancestry
to aparticular geographic area. Peoplein an ethnic group often share certain versions
of their genes, which have been passed down from common ancestors. If one of these
shared genes contains a disease-causing mutation, a particular genetic disorder may
be more frequently seen in the group.

Examples of genetic conditions that are more common in particular ethnic groups
aresickle cell anemia, whichismore common in peopleof African, African-American,
or Mediterranean heritage; and Tay-Sachs disease, which is more likely to occur
among people of Ashkenazi (eastern and central European) Jewish or French Canadian
ancestry. It isimportant to note, however, that these disorders can occur in any ethnic

group.
For moreinformation about genetic disordersthat are more common in certain
groups:

The National Institute of General Medical Sciences (NIGMS) fact sheet Genes &
Populations (http://www.nigms.nih.gov/news/science_ed/genepop/fag.html) offers
additional discussion on thistopic. Scroll down to the question “Why do researchers
sometimes study ethnic and racial groups?’
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